We study the phase diagram of mass-and spin-imbalanced unitary Fermi gases, in search for the emergence of spatially inhomogeneous phases. To account for fluctuation effects beyond the mean-field approximation, we employ renormalization group techniques. We thus obtain estimates for critical values of the temperature, mass and spin imbalance, above which the system is in the normal phase. In the unpolarized, equal-mass limit, our result for the critical temperature is in accordance with state-of-the-art Monte Carlo calculations. In addition, we estimate the location of regions in the phase diagram where inhomogeneous phases are likely to exist. We show that an intriguing relation exists between the general structure of the many-body phase diagram and the binding energies of the underlying two-body bound-state problem, which further supports our findings. Our results suggest that inhomogeneous condensates form for mass imbalances m ↓ /m ↑ 3. The extent of the inhomogeneous phase in parameter space increases with increasing mass imbalance.
I. INTRODUCTION
The past 15 years have witnessed tremendous advances in the experimental control and exploration of ultracold atomic Fermi gases. Since the first realization of a BoseEinstein-condensate of paired fermions [1] , experimental techniques have been further developed and now allow for detailed studies of many-body phenomena, controlled variations in temperature and polarization [2] , studies of Bose-Fermi mixtures [3] , optical lattices [4] , as well as precise determinations of the equation of state [5] , see Refs. [6] [7] [8] for reviews. It has thus become possible to test theoretical descriptions of long-known effects such as Bardeen-Cooper-Schrieffer (BCS) superfluidity or BoseEinstein-condensation (BEC) with high precision. Moreover, many new experimental studies of many-body phenomena with mixtures of a variety of different fermion species (such as 6 Li, 40 K, 161 Dy, 163 Dy, and 167 Er) are within reach in the near future (see e.g. Ref. [9] [10] [11] ), giving us an unprecedented opportunity to better our understanding of mass imbalances in strongly coupled Fermi gases and push our understanding of more exotic phenomena such as the emergence of inhomogeneous phases [12, 13] to a whole new level.
In experiments, the particle density n and s-wave scattering length a s are control parameters. In a sufficiently dilute gas, they represent the only scales of the systems, since the effective range r e of the interaction can safely be neglected. Experimentally, a s can be tuned at will by means of so-called magnetic Feshbach resonances. This opens up the possibility to explore many-body phenomena over a wide range of interaction strengths. Of particular interest is the strongly coupled "unitary" limit, where a s → ∞. In this regime, a non-perturbative treatment is inevitable due to the absence of a small expansion parameter [14] .
Systems with equal populations and particle masses for the different fermion species, i.e. spin-and massbalanced unitary Fermi gases, are well under control by now from both an experimental and theoretical point of view. For example, lattice Monte Carlo studies of the equation of state and the critical temperature have reached a quantitative level [15] and show good agreement with experimental data [16] . For spin-and massimbalanced Fermi gases, which are at the heart of this work, less is known beyond the mean-field approximation, although great efforts have been made in recent years to study mass-imbalanced (see, e.g., Refs. [17] [18] [19] [20] [21] [22] [23] ) as well as spin-imbalanced (see, e.g. Refs. [24] [25] [26] [27] [28] [29] [30] [31] ) unitary Fermi gases (see, e.g., Refs. [32, 33] for reviews). The difficulties encountered in studies of imbalanced systems beyond the mean-field limit are many. For example, ab initio Monte Carlo studies are severely hampered by a so-called sign problem if spin and/or mass imbalances are introduced [34, 35] . Techniques to surmount this problem have been developed [36] , but have so far focused on the zero-temperature equation of state of mass-imbalanced unitary Fermi gases [37] , and their use is very recent.
The reasons for the interest in imbalanced systems are manifold as well. For example, the Fermi surfaces of the different species are mismatched in this case, possibly giving rise to exotic phenomena such as inhomogeneous phases of the Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) type [12, 13] or Sarma [38] phases. For one-dimensional spin-imbalanced Fermi gases, where inhomogeneous pairing is expected to exist for a wide range in parameter space [39] , observation of an FFLO phase has indeed been claimed [40] . In three dimensions, however, the inhomogeneous phase is expected to occupy only a thin layer of parameter space between the homogeneous superfluid and the normal fluid in parameter space, if at all [41] [42] [43] . This renders the experimental detection of such phases quite challenging. The utilization of massimbalanced mixtures is expected to alleviate this situation somewhat due to the larger parameter space for inhomogeneous pairing in this case [44] .
Most of the studies, especially of FFLO phases, have so far relied on the mean-field approximation. However, even in three dimensions, these studies yield at best qualitative insights into the phase structure of the system. In fact, even in the balanced case it is known that the critical temperature (measured in units of the chemical potential) is overestimated by a factor ∼ 1.6 in mean-field studies. This can be traced back to the omission of orderparameter fluctuations. However, the fate of FFLO-type phases upon inclusion of such fluctuation effects remains largely an open question.
In this work, we analyze the phase structure of a unitary Fermi gas with spin and mass imbalance at finite temperature. For this purpose, we employ functional renormalization group (fRG) techniques, which allow us to include order-parameter fluctuations. Results from previous studies for the superfluid critical temperature of the mass-and spin-imbalanced case are in good agreement with experimental data and ab initio MC studies [31] . Here, we extend the theoretical framework developed in earlier RG works [31, [45] [46] [47] [48] in order to investigate mass-and spin-imbalanced systems. Although our setup does not yet allow us to explicitly resolve inhomogeneous phases, strong hints of their existence beyond the mean-field approximation can already be detected and we discuss them here.
The rest of the paper is organized as follows. In Sec. II we introduce the microscopic model and define the scales and dimensionless parameters. Since the identification of inhomogeneous phases is challenging, we begin our discussion of the phase structure of mass-and spin-imbalanced Fermi gases by revisiting the two-body bound-state problem in Sec. III. In a study of onedimensional gases [39] , it was found that the two-body problem in the presence of Fermi spheres provides useful information about the many-body problem. In fact, it was then found that the phase structure is in approximate quantitative agreement with the associated manybody study in the mean-field approximation. In Sec. IV we present the mean-field phase diagram. Corrections beyond the mean-field approximation are discussed in Sect. V and the phase diagram resulting from those corrections is shown.
II. MICROSCOPIC MODEL
Microscopically, the two-component spin-and massimbalanced Fermi gas in the vicinity of a broad Feshbach resonance is described by the following action:
Here, τ, x = dτ d 3 x. The two fermion species are represented by the Grassmann-valued fields ψ σ that depend on spatial coordinates x and compact Euclidean time τ . A contact interaction of strength g couples both species. Its strength can be tuned through its dependence on the s-wave scattering length a s :
where Λ is the ultraviolet cutoff and c reg is a constant that depends on the regularization scheme. It is convenient to trade in the two fermion masses for an imbalance parameterm using the following definitions:
In this work we set m + = 1 which corresponds to the choice m ↑,↓ = 1/2 in the mass-balanced case. Note that the mass imbalance parameterm is thus normalized such that 0 ≤m < 1. The chemical potentials of the fermion species can be expressed in terms of an average chemical potential µ and the (normalized) spin imbalance parameter or so-called Zeeman fieldh via
It is also convenient to define a dimensionless temperature parameterT
Finally, we choose units such that = k B = 1. The action S F defined above features a global U (1) symmetry associated with particle number conservation. This symmetry is spontaneously broken by a nonvanishing field expectation value ψ ↑ ψ ↓ = 0 in the superfluid phase. The main goal of the present work is to identify the region of parameter space where ψ ↑ ψ ↓ , as a function of (h,m,T ), becomes nonzero and possibly position-dependent, indicating the breakdown of translational invariance.
III. TWO-BODY BOUND STATES
It is particularly challenging to identify those regimes in the phase diagram where the U (1) symmetry and translational invariance are broken simultaneously. For example, it may be reasonable to assume that the order parameter ψ ↑ ψ ↓ ( x) is a periodic function. However, neither its precise functional form nor the length scale associated with its period (i.e. the characteristic momentum Q associated with the inhomogeneity in Fourier space) are known a priori. Therefore, it is worthwhile to perform preparatory analyses to help identify domains in parameter space where U (1) symmetry breaking may appear in the full many-body problem and, in particular, where such breaking is accompanied by a spontaneous breakdown of translation invariance.
The physical interpretation of a finite order parameter ψ ↑ ψ ↓ = 0 is a condensate of paired fermions. Naturally, those (bosonic) pairs have to be formed in the first place in order to condense. It thus seems reasonable to assume that the characteristics of the energetically most favorable pairing state (for a given parameter set (h,m,T )) will strongly influence the properties of a (potential) condensate in the many-body problem. A quantum mechanical bound-state calculation in Ref. [39] has indeed shown good qualitative and even semi-quantitative agreement with the many-body mean-field analysis in one dimension. Here, we perform a similar calculation for the threedimensional case. Following Ref. [39] , the Schrödinger equation for the wave function Ψ of two distinct fermions in the presence of their respective Fermi surfaces is given by
where E B = F,↑ + F,↓ −E and the delta-shaped potential is the two-body equivalent of the contact interaction in Eq. (1) . Thus, the relation between the coupling strength g and the s-wave scattering length is given by Eq. (2). The kinetic energy is measured with respect to the Fermi surfaces:
where F,σ corresponds to the Fermi energies of the two species, respectively. Note that the general setup is well known and has been previously used to determine the properties of a single Cooper pair in the context of balanced BCS theory, see e.g. Refs. [49, 50] .
In momentum space, Eq. (6) can be recast into a (renormalized) integral equation for the binding energy E B :
The vectors p and P denote the relative and center-of-mass momenta, respectively. Since the energy of the two-particle state Ψ depends on the magnitude of the center-of-mass momentum P , the ground-state solution of Eq. (7) determines whether a bound state exists for a specific set of parameters and, crucially for this work, provides information about the energetically favored center-of-mass momentum.
In Fig. 1 we show the results for the ground-state binding energies. We find that for smallm, and around the line of equal Fermi momenta k F,↑ = k F,↓ ath =m, the bound-state formation with zero center-of-mass momentum is favored (light-gray shaded area). Due to the increasing mismatch of Fermi surfaces away from theh =m line, the (dimensionless) binding energȳ E B = E B /µ decreases monotonically until it reaches zero for high mass imbalances and negative spin imbalances. If, on the other hand,m 0.46, pairing with finiteP = P/ √ µ is favored for sufficiently small spin imbalances (dark/red-shaded area). Note that this seems to stabilize the binding energy away from equal Fermi momenta for very large mass imbalances, manifested by a slight back-bending of theĒ B isolines. Similar behavior was observed in the one-dimensional case [39] , where it was found to have strong influence on the structure of the many-body phase diagram. Loosely speaking, a condensate of pairs with finite center-of-mass momentum would break translational invariance. Our observation of the existence of a region of parameter space associated with two-body bound states with a finite center-of-mass momentum suggest that a region governed by an inhomogeneous ground state may exist in the many-body phase diagram.
We close this section with a word of caution as to the relevance of our two-body analysis for the actual many-body problem: The existence of bound states in the two-body problem in the presence of Fermi surfaces does not necessarily entail spontaneous symmetry breaking in the associated many-body problem. The latter requires, additionally, Bose-Einstein condensation of said bound states. Furthermore, the consideration of inert Fermi surfaces in our two-body study is questionable in the strongly coupled unitary regime.
1 For example, the so-called Fermi-polaron problem [17, [24] [25] [26] [27] [28] [29] [30] , which constitutes the limiting case of a single spin-up impurity in a sea of indistinguishable spin-down fermions, is known to have a negative chemical potential. This implies that energy is gained when a spin-up impurity is added to a system of non-interacting spin-down fermions. As discussed in Ref. [24] , this energy gain determines the value of the Zeeman fieldh above which a mixed-phase may emerge in experimental studies. Moreover, this value ofh can be viewed as a strict lower bound for the critical value ofh above which the ground state of the system is superfluid. Note that the interaction of the impurity with all the spin-down fermions is taken into account in these studies. Our study of the two-body problem in the presence of Fermi spheres cannot reproduce the results of the above-mentioned Fermi-polaron problem, as we only allow for an interaction between one spin-up and one spin-down fermion.
2 Our approach should therefore be viewed as complementary to the Fermi-polaron problem. In fact, our analysis gives direct access to the center-ofmass momentum of the bound state and therefore enables us to estimate the regions in the many-body phase diagram where inhomogeneous phases are likely to exist. In any case, all results so far are by construction valid only at strictly zero temperature. Therefore, a proper manybody treatment is mandatory in order to obtain the actual phase diagram. However, as we will see below, our predictions resulting from Eq. (6) for the position of inhomogeneous phases turn out to be astonishingly good, which emphasizes the importance of few-body physics for our understanding of complex many-body phenomena.
IV. MEAN-FIELD ANALYSIS
A. Formalism and Fulde-Ferrell Ansatz For this work, the properties of the order parameter ψ ↑ ψ ↓ are essential. We therefore formulate the problem of spontaneous symmetry breaking in terms of the associated order-parameter field. This can be achieved by means of a judiciously chosen HubbardStratonovich transformation [51] , upon which we obtain the following microscopic action
This action is equivalent to the purely fermionic action S F in Eq. (1) and is the basis for all the calculations in this work. The boson fieldφ ∼ ψ ↑ ψ ↓ can be viewed as mediating the fermionic self-interaction
Note that no kinetic term for the order-parameter field appears in the classical action S B . Such a term is generated dynamically when fermion fluctuations are integrated out, due to the presence of the Yukawa-type interaction, as we will see in more detail below. From a field theoretical point of view, the fieldφ is nothing but an auxiliary field, introduced by the Hubbard-Stratonovich transformation to facilitate the computations by removing the quartic fermion term in favor of a Yukawa-type interaction. From a phenomenological point of view, however,φ may be interpreted as a collective state of two fermions, corresponding to the closed channel of the Feshbach resonance, see, e.g., Refs. [45, 52] .
In our partially bosonized formulation, the order parameter for U (1) symmetry breaking can now be identified withφ 0 ∼ ψ ↑ ψ ↓ . In the ground state, these field expectation values can be obtained by minimizing the quantum effective action Γ ∼ − ln Z with respect tō ϕ ∼ ψ ↑ ψ ↓ , where
is the partition function in the path-integral representation. Note that the determinant on the right-hand side can in principle be used to define a purely bosonic action
, which is the starting point for lattice MC calculations [15, 34, 53] (see Ref. [35] for a review). While the effective action Γ shares the symmetries of the microscopic action S B by construction, 3 it includes the effects of all thermal and quantum fluctuations. Thus, it is composed of renormalized fields and couplings which are in general momentum dependent. Since the fermion determinant det ψ involves a generally complicated dependence onφ, an exact computation of Γ is highly non-trivial. Therefore, systematic approximation schemes are needed to gain insight into the physical content of the theory.
In this sense, the widely used mean-field approximation can be considered as a lowest-order approximation to the effective action. It is obtained by shifting the fieldφ →φ + δφ, where δφ now represents the fluctuation field, and performing a saddle-point approximation of the path integral aboutφ. This renders the analytic computation of the fermion determinant more feasible. However, it is still non-trivial to carry out if one allows for a general space-dependent "background" fieldφ( x), which is needed to enable the detection of inhomogeneous phases. In the following, we employ an analytically feasible Fulde-Ferrell ansatz (FF) [12] ,
Sinceφ is chosen to be a constant amplitude, we are left with the standard mean-field ansatz in the limit of vanishing momentum Q. Note that the ansatz (10) may be regarded as the first term of a Fourier expansion of a more generalφ( x). It is hence considered to be a particularly good approximation to the full solution in the vicinity of a second order phase transition to the normal phase, where higher order contributions are expected to be small (see e.g. Refs. [39, [54] [55] [56] ). Using the ansatz (10), the order-parameter potential U becomes
(11) where
and Q = | Q| as well as q = | q|. The quantity∆ =h 2 ϕφ * φ evaluated at the (global) minimumφ 0 of U is nothing but the fermion gap. Note that the minimum of U in Q-direction is not necessarily an extremum. A global (numerical) minimization of the potential is therefore required to find the ground state of the theory.
B. Results
In Fig. 2 we show the phase diagram as obtained from a direct minimization of U (∆, Q) in Eq. (11) . Here, we mainly discuss aspects related to the emergence of inhomogeneous phases. For detailed discussions on the extent and the properties of the homogeneous phases at zero and finite temperature, we refer the reader to earlier work, e.g. Refs. [18, 21, 57, 58] .
We begin by briefly discussing some characteristic features of the phase diagram. The region of homogeneous symmetry breaking is roughly centered around the line of equal Fermi momenta,h =m, as suggested by the analysis of the two-body problem of Sec. III. AtT = 0, the transition from the homogeneous superfluid to the normal phase is always of first order for the parameter space considered in the present work. At sufficiently high temperatures, on the other hand, the transition from the superfluid to the normal phase changes into a secondorder transition. The surfaces in parameter space associated with these two types of transitions meet at a critical line denoted byT cp . Note that we limit ourselves to spin imbalancesh ∈ [−1, 1]. Contrary to the case of the twobody analysis in Sec. III, this constraint is not imposed by the method itself. In fact, the domain of high mass imbalance,m 0.8 forh > 1 is of interest for an investigation of the physics of Sarma phases [38] . In particular, it was found in mean-field calculations that a second order transition occurs in this regime even at T = 0 [18] . We leave a detailed discussion of Sarma phases for future work.
We now turn to a discussion of the inhomogeneous phase depicted by the dark/red-shaded area in Fig. 2 . Studies similar to ours have been performed for specific values form (e.g., Li-K mixture [23] ) as well as arbitrary values ofm employing a T -matrix approach [44] . While our mean-field results agree well with those of Ref. [23] , we do not find an inhomogeneous phase for mass imbalances down tom = 0 as in Ref. [44] . There is, in fact, disagreement in the literature on this point (see e.g., Refs. [41, 42] ), which suggests that the appearance of an inhomogeneous phase is very sensitive to the details of the approximation scheme as well as the specific ansatz for the inhomogeneity. This strengthens our motivation to consider alternative sources of information on pairing behavior such as our few-body analysis of Sec. III and RG methods to account fluctuation effects (Sec. V below). Fig. 3 displays an enlarged view of the region with inhomogeneous superfluidity, focusing on the domain of parameter space governed by inhomogeneous pairing at we do indeed find strong hints that a zero-temperature Sarma phase in the regime of largem andh > 1 exists even beyond the mean-field approximation. For a discussion of the existence of Sarma phases in the phase diagram of spin-imbalanced but massbalanced Fermi gases beyond the mean-field limit see Ref. [59] . T = 0. As evident from the figure, the inhomogeneous phase occupies only a thin shell in parameter space close the phase with a homogeneous condensate. It is separated from the normal phase by a second-order transition and from the homogeneous phase by a first-order transition.
In fact, studies of analytically solvable relativistic models in 1D found that the corresponding transition line is of second order rather than first order [54, 55] . The position of the associated transition line was found to be reasonably well described when the space dependence of the condensate is approximated by the first term of the Fourier expansion [56] , as done by the FF ansatz. However, the order of the transition is spuriously predicted to be of first oder.
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The very small extent of the inhomogeneous phase in h-direction for fixedm close to the zero-temperature critical endpoint CP 0 renders the precise determination of its coordinates very difficult from a numerical point of view. Following our line of arguments from Sec. III, the quick disappearance of the inhomogeneous phase close to this point is not unexpected: The two-body binding energy away from its maximum ath =m is "stabilized" for finite pair-momentum only at very large mass imbalances, as indicated by the characteristic back-bending of the lines of constant binding energy in Fig. 1 . Since deeply bound pairs should be less sensitive to (quantum) fluctuations that tend to destroy pairing correlations, the formation of a condensate in the many-body problem may be expected to be favored in this regime as well. Thus, the inhomogeneous phase is expected to widen towards smallerh only at largem, whereas it is expected to narrow down whenm is decreased. This is indeed what we find in Fig. 3 .
In the same figure, we also show the lower bound (dotdot-dashed line) for pair formation with a finite centerof-mass momentumP > 0, see also Fig. 1 . We find that there is an obvious discrepancy between this line (which we argued above is important for the occurrence of inhomogeneous condensates) and the actual many-body phase boundary associated with a transition from a homogeneous to an inhomogeneous phase.
The critical endpoint CP 0 of the inhomogeneous phase appears to coincide quite well with the intersection point of the lower bound for finite-momentum pair formation (dot-dot-dashed line) and the phase boundary of the phase with a homogeneous condensate (black solid line). A high precision determination of the position of CP 0 is beyond our reach at the moment due to the numerical complications mentioned above; we therefore refrain from drawing rigorous conclusions about this stunning coincidence. For larger values ofm andh in the domain between the (black) solid and (red) dot-dot-dashed line, we find that a homogeneous condensate is energetically favored over an inhomogeneous condensate (see Fig. 3 ), even though bound-state formation with finite center-ofmass momentum should still be preferred. However, as discussed above, the simple FF ansatz (10) forφ(x) is not expected to yield precise results away from the transition to the normal phase. While our two-body calculation is not hampered by assumptions of this kind, it is limited by the assumption of inert Fermi surfaces. In contrast, our mean-field study of the full many-body problem takes into account interactions between all spin-up and spindown fermions. We shall come back to this issue below when we discuss the results of our RG study.
In summary, the need to investigate the dynamics of the many-body problem beyond the mean-field limit seems inevitable. Furthermore, the above analysis indicates that one must include more sophisticated ansätze for the condensateφ(x) to gain reliable insights into the problem of inhomogeneous superfluidity. Our fRG analysis, as detailed next, aims to provide a systematic way to approach this goal.
V. BEYOND THE MEAN-FIELD APPROXIMATION
A. Functional Renormalization Group: Formalism
To understand spontaneous symmetry breaking in quantum systems, it is essential to account for quantum fluctuations of the order-parameter. In order to accomplish this in a systematic way, we employ a fRG approach. More specifically, the Wetterich equation [60] 
will be central to our analysis. Here, k is the RG scale introduced by the regulator function R k . The latter specifies the details of the Wilsonian momentum-shell integration. In particular, it provides for a suitable infrared (IR) and ultraviolet (UV) regularization, see App. B for details. The Wetterich equation determines the change of the effective average action Γ k under a change of the scale k and therefore allows to interpolate between the microscopic action S at a given UV cutoff scale Λ and the full quantum effective action Γ ≡ Γ k→0 in the long-range (i.e. IR) limit:
For reviews and introductions to this approach with respect to an application to ultracold Fermi gases, see Refs. [46] [47] [48] 61] . While Eq. (13) is exact, in general one must consider an ansatz for Γ k (i.e. a truncation of the full Γ k ) in order to arrive at a solution. Here, we choose
with renormalized quantities
This ansatz is an extension of a class of ansätze which has been successfully applied to spin-balanced (see, e.g., Refs. [45-48, 62, 63] ) and spin-imbalanced (see, e.g., Refs. [30, 31, 59, 64] ) systems across the whole BEC-BCS crossover.
In addition to an ansatz for Γ k , the solution of the RG equation (13) requires an initial condition Γ k=Λ . In our case this implies choosing initial conditions for the socalled wavefunction renormalizations Z ϕ,k and A ϕ,k , the Yukawa coupling h ϕ , and the effective order-parameter potential U k . The latter depends only on the U (1) invariant ρ = ϕ * ϕ. At the UV scale Λ, it is fixed by the two-body problem in the vacuum and is therefore simply given by [45] 
where
and
Here, the initial value of the Yukawa coupling h ϕ has been chosen such that the system is set to be close to a broad Feshbach resonance [45] . The parameter ν Λ ∼ (B − B 0 ) measures the detuning of the system with respect to the resonance. 8 Since we are only interested in the unitary limit (i.e. the system at resonance), we set ν Λ ≡ 0 for the remainder of this work. Higher order terms ∼ ρ n in the potential U k are generated during the RG flow due to quantum fluctuations and are taken into account in our analysis.
At this point we are left with the determination of the initial conditions for the wavefunction renormalizations. The momentum and frequency dependence of the boson-field propagator effectively allows to resolve at least part of the momentum and frequency dependence of the fermionic self-interactions (see, e.g., Ref. [61] for a more general introduction). Per our ansatz (15), the inverse boson propagator for the bare/unrenormalized fieldφ in momentum space is
whereφ 0 denotes the k-dependent value of the position of the ground-state of the potential U k . The wavefunction renormalizations Z ϕ,k and A ϕ,k are assumed to be independent of q 0 and q. Here, we only take into account the scale dependence of the wavefunction renormalizations, which is minimally required to detect the emergence of an inhomogeneous ground state within our present setup (see our discussion below). The structure of this propagator can be understood as arising from a derivative expansion of the effective action that has been truncated at the lowest nontrivial order. The RG flow of the wavefunction renormalizations Z ϕ,k and A ϕ,k is conveniently parameterized with the aid of the associated anomalous dimensions η Z,k and η A,k , respectively. For example,
In the present work, we keep the ratio Z ϕ,k /A ϕ,k = 1 fixed in the RG flow and compute only the flow of A ϕ,k , see also Ref. [31] . The initial condition for A ϕ,k is given by
From a phenomenological point of view, this implies that the boson field is not dynamical at the UV scale Λ.
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Its dynamics as "measured" by the wavefunction renormalization A ϕ,k is solely generated by quantum fluctuations. Our choice for the initial conditions ensures that our ansatz for the effective average action Γ k is identical to the well-known partially bosonized action (8) at the UV scale Λ, as it should be. By applying the Wetterich equation (13) to the ansatz (15), the RG flow equations for the various couplings can now be derived. Details as well as our choices for the regulator functions can be found in App. A and B. In the following, we only discuss the general properties of these equations.
The general form of the flow equation for the Yukawa coupling reads
Note that we have dropped terms on the right-hand side which are only non-zero in the regime with broken U (1) symmetry but vanish identically otherwise. Since we are primarily aiming at a determination of the phase boundaries, but not at a quantitative prediction of a particular observable (e.g. the Bertsch parameter) for which these terms may become important, we expect this approximation to be justified. The flow of the Yukawa coupling is then purely driven by the anomalous dimension of the 10 In our numerical studies, we have chosen a finite value for Λ = 1000 √μ and therefore a finite value for the initial condition A ϕ,k=Λ = 1 such that it is consistent with Eq. (22) .
boson field, which be can be split into two distinct contributions:
The contribution η ψ A,k is built up by one-particle irreducible (1PI) diagrams with no internal boson lines but only fermion lines. On the other hand, η ϕ A,k receives contributions from 1PI diagrams with at least one internal boson line and, in our present truncation, it is found to be non-zero only in the regime with broken U (1) symmetry.
Finally, the flow of the renormalized effective orderparameter potential can be conveniently split up into three terms:
The first term accounts for the renormalization of the fieldφ, the second term is simply a pure fermion loop, and the third term is nothing but a pure boson loop. The last two are both dressed with suitable regulator insertions (see also Appendix B). Using the initial conditions detailed above and integrating the coupled system of flow equations given in Eqs. (23)- (25), we can extract values of physical observables such as the Bertsch parameter, the fermion gap, or the critical temperature. As in the mean-field case, a nontrivial global minimum at U k=0 (ρ 0 ) signals spontaneous U (1)-symmetry breaking associated with a finite order parameter ρ 0 = ϕ * 0 ϕ 0 or, equivalently, a finite fermion gap ∆ 2 0 = h 2 ϕ ρ 0 . Due to the highly nonlinear, coupled structure of the system of flow equations, the solutions need to be found numerically. As discussed in Sec. IV B above, a meanfield analysis suggests the existence of first-order phase transitions. Therefore, we choose to discretize the kdependent effective potential on a grid in field space (see also Ref. [31] for details on our numerical implementation).
Before discussing the numerical results from our RG flow equations, we briefly discuss more precisely in what sense Eqs. (23)- (25) represent an extension of the conventional mean-field approximation of Sec. IV. Diagrammatically, Eq. (13) has a simple one-loop structure, where the internal lines of Feynman diagrams are given by the socalled full propagators ∼ (Γ
The mean-field approximation, on the other hand, takes into account Feynman diagrams only with internal fermion lines, but with no internal boson lines. In our RG approach, this implies that the flow equation for the wavefunction renormalization and for the effective potential simplify considerably:
where, diagrammatically,
Moreover, we observe that the flow equation for the effective potential reduces to
if we rewrite it in terms of the unrenormalized anologue of ρ, namelyρ = ρ/A ϕ,k . For the unrenormalized Yukawa coupling, we find ∂ khk = 0. Thus, in this limit the RG flow of the effective order-parameter potential U k and wavefunction renormalization A ϕ,k are no longer coupled, and so the flow of the Yukawa coupling is trivial. This implies that the flow equations of U k and A ϕ,k can be solved independently. Diagrammatically, we find that a fermion loop with two external bosonic lines attached to it contributes not only to the flow of U k (see Eq. (28)), but also to the flow of A ϕ,k , i.e. to η A,k . 11 The consequences of this observation will be discussed in detail below. At this point, we note that we do indeed recover the well-known mean-field solution for the effective potential at Q = 0 from integrating Eq. (29) with respect to the RG scale k, as one should. Here, the restriction on the case Q = 0 comes from the need to project onto constant ϕ in order to obtain explicit expressions for the flow equations (24) and (25) . Thus, at the level of our present approximations, our RG approach is unable to resolve inhomogeneous phases explicitly. However, our present setup is not "blind" to the fact that inhomogeneous condensates may emerge and govern the groundstate dynamics, as we discuss next.
B. Results

Flow of the fermion loop: mean-field and beyond
As already mentioned above, integrating Eq. (28) (or rather Eq. (B2)) and minimizing U k=0 (∆ 2 ) yields the well-known mean-field phase diagram of mass-and spinimbalanced Fermi gases for the case where the possibility of inhomogeneous phases was not taken into account explicitly (see e.g. Refs. [18, 21, 57, 58] ). However, as mentioned above, a fermion loop with two external bosonic legs contributes not only to the flow of U k , but also to η A,k , see Eq. (24) . Recall that the flow equations for U k and η A,k in the mean-field approximation are decoupled, implying that the fermion gap ∆ Indeed, solving the flow equation for A ϕ,k alongside with the one for U k , it turns out that the long-range limit (k → 0) cannot always be reached due to a peculiar behavior of the RG flow. This is seen in Fig. 4 , where we show a red/dark-shaded region bounded by a green/dotted line. Within that region, A ϕ,k becomes zero for a finite value k = k break , (see inset of Fig. 4 for illustration). Strictly speaking, the RG flow breaks down at this point. Had we only considered the flow of U k , we would have recovered the well-known mean-field phase diagram and easily overlooked this instability, which occurs at the same level of truncation in terms of Feynman diagrams. On the other hand, this instability can be expected to be an artifact of our ansatz (15) , which yields Eq. (20) for the boson propagator. The latter requires A ϕ,k > 0 in order to be physically meaningful. If the boson propagator evaluated at ϕ 0 (or, equivalently, ρ 0 ) turns out to be not positive (semi-)definite, then the configuration ϕ 0 extracted from the computation of U k cannot be the true ground-state of the theory. Of course, this instability does not really come as a surprise. In Sec. IV, we have already shown that, for a simple FFansatz, a regime governed by an inhomogeneous condensate exists in the phase diagram. Within this regime, a homogeneous condensate does not represent the true ground state, but rather an "excited" state in the spectrum of the theory.
In our present RG study, we do not employ a specific ansatz to parametrize the spatial dependence of the condensate, such as an FF ansatz. Rather, we study the stability of the RG flow under the assumption that the condensate does not exhibit spatial dependence. The momentum structure in Eq. (20) can be seen as the first nontrivial term in a derivative expansion of the exact propagator about zero momentum. The fundamental assumption for this ansatz to be valid is that bosonic modes with spatial momentum | q| ≈ 0 contribute predominantly to the flow. For an inhomogeneous phase this is obviously not the case, as modes with momenta around | Q| are rather expected to dominate the dynamics. The inverse boson propagator close to k = k break is therefore expected to be shaped as the (red) dashed line in Fig. 5 instead of the green (solid) curve which corresponds to Eq. (20) with A ϕ,k > 0 (see also Ref. [65] ). It might therefore be tempting to associate the existence of a finite scale k break with the formation of an inhomogeneous condensate directly. For the following reasons, however, a sign change of A ϕ,k should only be considered as a "hint" for the emergence of an inhomogeneous condensate:
• Only for k → 0 (long-range limit), strictly speaking, results extracted from the RG flow are physically observable. Here, we find A ϕ,k → 0 at k break √ µ. Now it may be the case that A ϕ,k → 0 is negative only for a finite k-range below k break and then becomes positive again in the limit k → 0. This behavior of A ϕ,k may be considered as indicating the existence of an "inhomogeneous precondensation" phenomenon, in analogy to the wellknown precondensation effect at finite temperature [66, 67] and finite spin imbalance [31] . As discussed in Ref. [65] , it is necessary to employ a modified ansatz for the momentum dependence of the inverse boson propagator for scales k ≤ k break in order to reach the long-range limit, k → 0. Otherwise, it is a priori unclear whether we indeed have A ϕ,k < 0 for all k < k break , i.e. if the dominance of modes favoring an inhomogeneous ground state persists in the deep IR. An investigation of this issue is beyond the scope of the present work.
• The agreement between the boundaries derived from our two-body study on the one hand, and the criterion associated with the appearance of a zero in the flow of A ϕ,k on the other, is stunningly good form 0.6 (see Fig. 4 ). It can already be deduced from Fig. 1 that inhomogeneous pairing is particularly preferred for such highly mass-imbalanced systems. In fact, our conventional mean-field study with a FF ansatz already suggested the existence of an inhomogeneous phase in this regime (see the domain enclosed by the orange/dashed line and the black line in Fig. 4) . However, we also observe that bound states with finite center-of-mass momenta as well as the regime with k break > 0 are found to exist well beyond this FF-type phase. This discrepancy may be traced back to the fact that a simple FF ansatz may be insufficient in some parts of the phase diagram. However, this can also be viewed as a manifestation of the existence of bosonic bound states (or the dominance of finitemomentum bosonic modes), which does not necessarily imply condensate formation, even at T = 0.
• Forh 0, the domain bounded by the criterion of A ϕ,k → 0 extends down tom ≈ 0.22 for h = −1, whereas no bound states with finite centerof-mass momentum are found belowm = 0.46 and h = −0.86, see Figs. 1 and 4 . The discrepancy between these two lines should not be too surprising for smallh. In fact, the behavior of A ϕ,k is only indirectly linked to the appearance of bound states. It is reasonable to expect that the momentum dependence, i.e. the functional form, of the propagator is dominated by the existence of deeply bound two-body states as they are present form 0.6, where the two lines are in very good agreement. In this regime, condensation of these states may indeed be energetically favored and the emergence of an instability in the RG flow associated with the observation A ϕ,k → 0 may then be viewed as a strong indication that the formation of an inhomogeneous condensate is most favorable. However, once the binding energy becomes smaller, the functional form of the propagator becomes progressively more dominated by modes with momenta significantly different from the center-of-mass momentum of the lowest lying two-body bound state for given values ofh andm. Even if there is no bound state at all in our analysis of the two-body problem, there is no reason why bosonic fluctuations in general, and those with finite momentum in particular, should become irrelevant. Consequently, in domains with only shallowly bound two-body states, as it is the case for decreasingh, we may expect at best qualitative agreement between our predictions from the two-body problem and the study of the RG flow of A ϕ,k .
In summary, A ϕ,k → 0 signals the dominance of finitemomentum bosonic fluctuations at least for a certain range of values of the RG scale k ≤ k break . Strictly speaking, however, even positive values of A ϕ,k→0 do not imply that a low-order derivative expansion of the effective action captures the correct dynamics with respect to inhomogeneous phases. In fact, the true inverse propagator may, e.g., be shaped as depicted by the blue/dotted line in Fig. 5 . In any case, it is also clear that it is not possible to discriminate irrevocably between normal, homogeneous and inhomogeneous phases only with the aid of the criterion A ϕ,k → 0. If, on the other hand, an existing homogeneous condensate (as found in a study of the RG flow of the potential U k ) overlaps with a domain where A ϕ,k → 0 is also observed in the flow, this is a strong indication of an inhomogeneous phase in that same domain. This point will be detailed further in the next section, where we present results from the RG flow including bosonic fluctuations.
Full Flow Equations: Impact of Bosonic Fluctuations
Let us now study the effect of the bosonic contributions η ϕ A,k and [∂ k U k ] ϕ in our set of flow equations. Due to the derivatives of U k with respect to ρ in the flow equations for A ϕ,k and U k , and the nontrivial dependence of these equations on h ϕ (see Eqs. (B3) and (B11)), the flow equations (23)- (25) are now coupled in a highly nontrivial way. As discussed in Sec. V A, we solve this set of flow equations numerically. However, it does not appear feasible to either start the integration at k = Λ → ∞, nor to reach the IR limit k → 0 exactly. In the IR regime, we have stopped the RG flow at k IR ≈ 10 −3 √ µ in those domains of parameter space that are close to a second-order phase transition. The remaining uncertainty in the critical temperature, as measured by the fermion gap ∆ k , turned out to be well below the percent level. In domains close to a first-order transition, the introduction of a finite IR cutoff k IR is even less severe as the order parameter ∆ k is found to jump typically on scales k ∼ O( √μ /10) (see also Ref. [31] for a detailed discussion of the numerical implementation in the mass-balanced limit). The phase diagram from our RG study including orderparameter fluctuations is shown in Fig. 6 . We first note that the qualitative features of the phase diagram are similar to the mean-field phase diagram discussed above. However, quantitative corrections are found to be sizable. Form =h = 0, for example, we find that the critical temperatureT is significantly changed fromT c ≈ 0.66 in the mean-field approximation toT c ≈ 0.40, in good agreement with recent experiments [68] , Monte Carlo studies [15] , as well as with recent RG studies [31, 63] . (23)- (25) including bosonic fluctuations. The red/dark-shaded area marks the domain where an inhomogeneous phase is likely to exist, see main text for a detailed discussion.
Loweringh, starting fromh =m for fixedm 0.53, the order of the phase transition changes from second to first along a critical lineT c (h,m). In thism-regime, we find T cp (h,m) ≈ 0.19...0.20 for the critical point where the nature of the transition changes from second to first order. For temperatures belowT cp (h,m) and given m, the superfluid phase is enlarged in theh-direction compared to the mean-field result, as also found in the mass-balanced case [31] . ForT T c the integration of Eqs. (23)- (25) becomes numerically more and more involved, as the right-hand sides become discontinuous at T = 0 (see also Eqs. (B2) and (B6)). Contrary to the mean-field case, we therefore do not present results for the strict zero-temperature limit here but restrict ourselves to temperaturesT ≥ 0.1. However, we expect the position of the phase transition lines in the zerotemperature limit to still be in reasonable agreement with the ones obtained forT = 0.1.
Loweringh, starting fromh =m for fixedm 0.53 andT < T I cp (m) with T I cp (m) ≈ 0.19...0.21, we find that a critical valueh break (m,T ) exists at which A ϕ,k tends to zero, potentially indicating a transition from a homogeneous superfluid phase to an inhomogeneous phase. In fact, we find that A ϕ,k tends to zero at a finite RG scale k break for allh ∈ [−1,h break (m,T )]. As discussed in Sec. V B 1, this does not necessarily imply that there exists an inhomogeneous phase for the whole domainh ∈ [−1,h break (m,T )] for a givenm andT . Therefore the red/dark-shaded area in Fig. 6 only represents a domain where an inhomogeneous phase is most likely to be found. Our mean-field study supports this interpretation: In Fig. 4 , we find reasonable agreement for largem between the onset of inhomogeneous condensation and the line defined by the largest value ofh for which A ϕ,k still tends to zero at a finite scale k break , for a given value ofm. For this reason, we consider our A ϕ,k -criterion to provide a reasonable estimate for the boundary separating the phase with a homogeneous condensate from the inhomogeneous phase, even beyond the mean-field limit. However, within our present setting, it is not possible to detect the transition from the inhomogeneous phase to the normal phase. The associated phase-transition line is therefore not shown in Fig. 6 . Instead, we indicate the presumed existence of this phase-transition line by a fading out of the red/dark-shaded domain.
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In our mean-field studies, conventional and RG, we have considered the zero-temperature limit explicitly. This allowed us to compare directly the lower bound for pairing with finite center-of-mass momentum and the bound from our A ϕ,k -criterion. Since the strict zerotemperature limit is difficult to reach from a numerical point of view when bosonic fluctuations are taken into account, we have restricted ourselves to temperaturesT ≥ 0.1. However, this renders a direct comparison with the results from our two-body analysis impossible. Moreover, taking into account bosonic fluctuations, our A ϕ,k -criterion used to detect the onset of inhomogeneous phases has to be taken with some care: In Fig. 7 , the fermion gap ∆ 0 is depicted as a function ofh for two different temperatures and fixedm = 0.74 corresponding to a mixture of 6 Li and 40 K. ForT = 0.225, the green/dot-dashed line exhibits the typical behavior expected for a second order transition to the normal phase. Only slightly below this temperature, atT = 0.20, the behavior of the condensate is now found to be quite different. Already before reaching the regime defined bȳ h ≤h break , where A ϕ,k tends to zero in the RG flow (indicated by the red/dark-shaded area), the gap ∆ 0 is found to increase rather than decrease. Such a behavior is not seen in the mean-field approximation. In fact, for any finiteT and fixedm, we find that ∆ 0 is a strictly concave function. One may speculate that the observed increase in the gap is due, e.g., to numerical artifacts. Indeed, the value of ∆ 0 is more sensitive to numerical inaccuracies in this region than anywhere else in the phase diagram and should therefore be taken with some care. However, we have checked that the general observation of an increasing gap cannot be traced back to numerical instabilities.
The inset of Fig. 7 hints at the true reason for the unexpected behavior of the gap as a function ofh for givenm at low temperatures: It shows the k-evolution of A ϕ,k (red/solid line) and ∆ k (blue/dotted line) for a point in a region of the phase diagram where the gap increases again but A ϕ,k is still positive on all scales k. In this region (as exemplified by the inset), we observe that A ϕ,k undergoes a sharp decrease. From the dependence of the RG flow of the Yukawa coupling on A ϕ,k 12 Of course, a priori, it is unclear whether a transition from an inhomogeneous to a normal phase exists after all. However, our mean-field study in Sec. IV, our analysis of the two-body problem in Sec. III, and studies of the Fermi polaron [17, [24] [25] [26] [27] [28] [29] [30] suggest that such a transition indeed exists. via the anomalous dimension η A,k (see Eq. (23)), it is clear that h ϕ experiences a sharp increase when A ϕ,k decreases. The sharp increase of the Yukawa coupling also increases the gap up to values larger than those in which no (strong) decrease of A ϕ,k is present at all (e.g. deep in the homogeneous superfluid phase). In the inset of Fig. 7 , we also observe that the increase of the gap induced by the decrease of A ϕ,k can potentially counterbalance the decrease of A ϕ,k . This effect is intimately related to the presence of bosonic fluctuations. In fact, the strong increase of the gap leads to a suppression of Feynman diagrams with internal fermion lines. In particular, purely fermionic diagrams present in mean-field studies are parametrically suppressed by a (strong) increase of the gap. Thus, once a gap is generated, the RG flows of the potential, the Yukawa coupling, and the wavefunction renormalization A ϕ,k are mainly driven by purely bosonic diagrams (without any internal fermion lines). As (purely) bosonic and fermionic contributions come in general with opposite signs, bosonic fluctuations tend to counterbalance the decrease of A ϕ,k as well as the increase of the gap, which is induced by purely fermionic diagrams (see also Appendix B for the RG flow equations of the various quantities). Since the class of purely fermionic diagrams is the only one present in the meanfield approximation, this explains why such a counterbalancing effect is not observed in our mean-field study. The observed decrease in A ϕ,k can at least partially be traced back to the fact that a change of the spin imbalance parameterh induces a mismatch in the Fermi momenta and Fermi energies associated with the spinup and spin-down fermions. Within our RG framework this implies (loosely speaking) that the two spin components contribute to the RG flow over different ranges of scales k. In any case, the decrease in A ϕ,k actually becomes stronger when we decreaseh for a givenm starting from the line of equal Fermi momentah =m. Eventually, we observe that the mismatch between the Fermi momenta becomes so large that the associated decrease of A ϕ,k can no longer be compensated by the presence of bosonic fluctuations, resulting in A ϕ,k → 0 forh ≤h break (m,T ) at a given finite RG scale k break , at least within our present truncation.
We close this section with a word of caution regarding the increase of the gap towards smaller values ofh in some domains of the phase diagram (see Fig. 7 ). At present, it is unclear whether this behavior is a physical effect and traces of it should be expected in future experimental studies, or whether it is "cured" when considering a suitable extension of our present truncation. For example, a resolution of the full momentum dependence of the inverse boson propagator P ϕ might be required to resolve this issue since, in the relevant domain, P ϕ may assume a form as exemplified by the blue/dotted line in Fig. 5 . However, a detailed analysis of this issue is left to future work. Here, we restrict ourselves to conclude that our RG study already suggests that bosonic fluctuation effects are of great importance in studies of mass-and spin-imbalanced unitary Fermi gases. We have found that the extent of the various phases in parameter space (normal, homogeneous superfluid, inhomogeneous superfluid) can change significantly relative to mean-field studies. In particular, our RG analysis indicates that the size of the inhomogeneous phase is extended to smaller values ofm. More specifically, our mean-field studies suggest thatm 0.65 (m ↓ /m ↑ 4.7) is required to form an inhomogeneous condensate. Recall thatm ≈ 0.74 (m ↓ /m ↑ 6.7) for a Li-K mixture. Taking bosonic fluctuations into account, we find that inhomogeneous condensates may already appear for mass imbalancesm 0.53 (m ↓ /m ↑ 3.2).
VI. SUMMARY
We have studied the phase diagram of mass-and spinimbalanced unitary Fermi gases in three dimensions, with an emphasis on the detection of inhomogeneous condensates. To this end, we have employed various approaches. Since the formation of two-body bound states can be viewed as a necessary condition for condensation, we have analyzed the two-body problem in the presence of (inert) Fermi spheres associated with the two spin components, and computed the binding energy as well as the center-ofmass momentum of the lowest lying bound state. This helped us guide and analyze our studies of the manybody phase diagram. Indeed, we have found that our two-body bound-state problem allows us to understand many features of the many-body phase diagram, such as the emergence of a domain in parameter space governed by a homogeneous condensate. Moreover, our study of two-body bound states suggests the existence of a region in the many-body phase diagram where an inhomogeneous condensate is formed, see Fig. 1 .
Our explicit studies of the many-body problem indeed confirm the qualitative picture of the phase diagram suggested by the two-body problem. In particular, we have only found indications of inhomogeneous phases in those regimes of the many-body phase diagram in which also the center-of-mass momentum of the lowest-lying twobody bound state is finite. The agreement of the phase boundary of the homogeneous superfluid and inhomogeneous phases with the lower bound for pairing with finite center-of-mass momentum is only qualitative when we consider a Fulde-Ferrell ansatz for the inhomogeneity in our mean-field study. On the other hand, the agreement of this lower bound with the instability line 13 associated with the homogeneous-inhomogeneous transition is stunning for largem 0.5 in our RG mean-field study, which does not rely on an explicit ansatz for the inhomogeneity. Taking bosonic fluctuations into account in our RG study, the latter two lines are still in accordance.
14 For mass imbalancesm 0.5, the analysis of the two-body problem still suggests the existence of a regime with bound states with finite center-of-mass momentum. Our many-body studies, however, suggest that inhomogeneous condensates are unlikely to be found in this regime. This can be traced back to the fact that only shallowly bound twobody states exist there. Moreover, it also indicates that macroscopic condensation of such bound states is not energetically favored.
For largem 0.5, on the other hand, a regime with deeply bound two-body states with finite center-of-mass momentum can be identified, suggesting that the formation of an inhomogeneous condensate is energetically favored. Indeed, we find that this regime overlaps with the regime where homogeneous condensation is found in our many-body analysis whenever inhomogeneous pairing is not taken into account. Therefore, the instability line found in our RG study including bosonic fluctuations may indeed be identified with the transition line from a superfluid phase with a homogeneous condensate to one with an inhomogeneous condensate, at least form 0.5. Finally, for small mass imbalancesm 0.25 we do not find any indication of inhomogeneous phases, neither in our analysis of the two-body problem nor in our manybody studies.
In summary, our RG study beyond the mean-field limit suggests significant modifications to the mean-field extent of the various phases in parameter space. For example, for the mass-and spin-balanced Fermi gas, we find that the critical temperatureT c agrees well with state-of-the-art Monte Carlo studies, as already found in recent RG studies [31, 63] . For small mass imbalances, moreover, we find that the phase with a homogeneous condensate is extended to larger spin imbalances |h| in agreement with a previous RG study of the mass-balanced case [31] . For large mass imbalances, however, we observe that the extent of the phase with a homogeneous condensate shrinks in theh direction. Moreover, we find strong indications for the emergence of an inhomogeneous phase in this regime. The extent of the latter phase in theh-direction actually increases for increasing mass imbalance. Our estimate for a lower bound onm for the occurrence of an inhomogeneous condensate ism ≈ 0.53. This value ofm corresponds to a mass ratio m ↓ /m ↑ ≈ 3.2 which is considerably lower than the mass ratio associated with a Li-K mixture (m ↓ /m ↑ ≈ 6.7). Since three-body effects are expected to be significant for mass ratios associated with the Li-K mixture and beyond (see, e.g., Refs. [69] [70] [71] ), future experimental searches for, e.g., signals of inhomogeneous condensation in the regime m ↓ /m ↑ 6.7 are highly challenging. In this respect, our estimate for the lowerm-bound for the occurrence of inhomogeneous phases may help to guide future experiments. Our results suggest the existence of a much larger regime in parameter space where inhomogeneous condensation may be detected with a new variety of mixtures of fermion species other than Li-K, but without suffering from three-body effects.
[ 
Furthermore, the following quantities have been introduced:
Quantities Q divided by a factor k 2 are written asQ, e.g. µ = µ/k 2 . Since ∆ k = h 
Thus, the right-hand side of Eq. (B2) becomes nonanalytic in the zero-temperature limit. While the flow of U k in principle exists for arbitrarily small but finite T , the "steepness" of the Fermi function makes the numerical treatment increasingly challenging as T is lowered.
Boson anomalous dimension
In order to extract the running of the wavefunction renormalization parameter A ϕ,k via the boson anomalous dimension η A,k = −k∂ k ln A ϕ,k , the following projection rule is employed: . A detailed analysis how this affects the properties and the extent of inhomogeneous phases for largem is left to future work.
